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Mixed-Backbone Oligonucleotides Containing
Segments of Deoxynucleosides Phosphorothioate

and 2'-0-Methylribonucleosides
Methylphosphonate: Synthesis and Properties

MAOJUN GUO, DONG YU and SUDHIR AGRAWAL

Hybridan Inc., 620 Memorial Drive, Cambridge, MA 02139

Synthesis of mixed-backbone oligonucleotides containing segments of deoxynucleoside.
phosphorothioate and 2-O-methyIribonucleoside methylphosphonate have been achieved by
using iV-Pent-4-enoyl (PNT) heterocyclic base-protected 2'-O-methylribonucleoside methyl-
phosphonamidites. Use of PNT for heterocyclic base-protection allows the deprotection to be
carried out under milder conditions without affecting base labile methylphosphonate intemu-
cleotide linkages. New MBOs have reduced phosphorothioate intemucleotide linkages while
maintaining affinity with target RNA and are stable towards nucleases.

Keywords: Phosphorothioate; methylphosphonate; methylphosphonamidite; phosphora-
midite; oligonucleotide; antisense

Introduction

Oligodeoxynucleoside phosphorothioates (PS-oligos) have been studied extensively as
antisense agents"'1. To further improve the therapeutic potential of these compounds, mixed
backbone oligonucleotides (MBOs) have been developed and studied extensively. MBOs
have yielded promising results and are being evaluated in human clinical trials as second-
generation antisense oligonucleotidesIlkl. MBOs contain a segment of PS-oligo, which
provides nuclease stability and RNase H activity, and segments of 2'-0-methylribonucleo-
side at both the 5'- and 3 '- ends, which provides increased affinity with the target RNA and
a further increase in nuclease stability compared to PS-oligo. As well as having improved
biological activity, MBOs arc less toxic in vivo than are PS-oligos"cl, depending on the
sequences and base compositions. In addition, MBOs can be delivered orallyl"11.

MBOs containing 2'-0-alkylribonucIeosides (2'-O-methyl, 2'-O-propyl) along with
phosphodiester linkages at both the 3 '- and 5'- ends of PS-oligos have a lower number of
phosphorothioate linkages, but these MBOs were found to be less stable against nucleases
than were PS-oligos1" °.

In continuing our effort to optimize the therapeutic potential of oligonucleotides, our goal
is to further minimize phosphorothioate-related side effects (complement activation and
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prolongation of activated partial thromboplastin time, aPTT), while maintaining aqueous
solubility, affinity to target RNA, RNase H-mediated cleaving efficiency of complementary
RNA, and stability against nucleases.

Earlier studies have indicated that non-ionic oligonucleotide methylphosphonates are
readily taken up by cells and are resistant to nucleases, but have a lower aqueous solubility
and affinity towards target RNA|:|. To improve the aqueous solubility and affinity to
complementary RNA, we"a| and others"11' have also studied 2'-0-methyloligoribonucleo-
side methylphosphonates. In earlier studies, synthetic methodology to obtain T-O- I
methyloligoribonucleoside methylphosphonate required the use of nucleoside methyl- j
phosphonamidite monomer, in which heterocyclic bases were protected with isobulyryl (C,
G) or benzoyl (A) groups, and relatively harsh deprotection conditions were used"3*'. In
order to obtain milligram quantities of oligonucleotides containing 2'-O-meihylnucleoside
methylphosphonates that do not require strong deprotection conditions, we have employed
PNT as a protecting group for nucleobases141. We report here the synthesis of PNT-
protected 2'-O-methyIribonucleoside methylphosphonamidites, the use of these new
monomers for the synthesis of MBOs containing segments of PS-oligo and 2'-O-
methylribonucleoside methylphosphonates.

Synthesis of 2'-0-methylribonucIeoside methylphosphonamidites
The PNT heterocyclic base-protected 5'-dimethoxytrityl (DMT)-2'-0-methylribonucleo-

side 1 were synthesized by transient silyl protection of the 3'- and 5'- hydroxyl group of
the corresponding 2'-0-methylribonucIeosides, followed by acylation of the exocyclic
amino group using pent-4-enoic anhydride (Scheme I)'4'. After working up and without
further purification, the PNT heterocyclic base-protected 2'-O-methylribonucleosides in the
crude reaction mixture were reacted with dimethoxytrityl chloride to obtain the PNT
heterocyclic base-protected 5'-DMT-2'-0-methylribonucleoside 1.

SCHEME 1"

OH

O OMe

( ^ ) = a : Adenine; b: Guanine; c:Cytosine *''Pr'2N M e

c* Keys: i) TMSCl/Py.; \\)<?^>toV~*-^ ; iii) NHj/H^O; iv) DMTCl/Py.; v) MePCI VDIPEA .
O O

The requisite 2'-O-methylribonucleoside methylphosphonamidite monomers 2a-c were
prepared by the initial addition of M/V-diisopropylamine to dichloromethylphosphine
followed by addition of the appropriate 2'-0-melhylribonucleosides la-c in a one-pot
reaction. Each of the PNT 2'-O-methylribonucleoside methylphosphonamidite monomers
thus obtained was purified by column chromatography and analyzed by "P NMR.

Synthesis of MBOs
MBOs containing PS-oligo and 2'-0-methylribonucleoside melhylphosphonate linkages

were synthesized using appropriate PNT-protected deoxynucleoside p-cyanoethylphospho-
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ramidites|4] and 2'-O-methylribonucleoside methylphosphonamidites 2a-c on an automated
synthesizer (Expedite 8909, PerSeptive Biosystems). The sequence chosen for this study

was an 18mer oligonucleotide complementary to RIoc regulatory subunit of the protein
kinase A"1. Oligonucleotides 1 to 6 listed in Table 1 were synthesized. To synthesize the
PS oligo segment, coupling was carried out using appropriate PNT-protected deoxynucleo-
side p-cyanoethylphosphoramiditcs and 1-H tetrazole, followed by oxidation with 3H-I,2-
benzodithiole-3-one-1,1-dioxide. To synthesize segments with 2'-O-methylribonucleoside
methylphosphonate and phosphodiester linkages, coupling was carried out using PNT-
prolected 2'-O-methylribonucleoside methylphosphonamidites 2a-c and PNT-protected 2'-

0-methylribonucleoside P-cyanoethylphosphoramidites, followed by oxidation with /-butyl
hydroperoxide (r-BuOOH, 1M in toluene). DMT was removed at the end of the synthesis
cycles of the required sequence. Both the cleavage of oligonucleotides from solid support
and the removal of protecting group (PNT) were achieved by using dry gaseous ammonia
under 100 psi at room temperature overnight"1. The deprotected oligonucleotides were
purified by preparative polyacrylamide gel electrophoresis. The purity and integrity of the
oligonucleotides were analyzed by "P NMR, MALDI-TOF mass spectromelry and
capillary gel electrophoresis (data not shown).

The design and thermodynamic duplex stability of MBOs
Thermodynamic duplex stability (Tm) of the duplexes formed between the MBOs and the

corresponding complementary RNA were determined by measurements of the absorbance

at X260 nm vs temperature. The Tms, which represent the average of at least two

determinations are summarized in Table 1.

TABLE 1. Thermodynamic duplex stability of MBOs

No.

1

2

3

4

5

6

Oligo Sequences and Modification (5'-3')

GCG TGC CTC CTC ACT GGC

GCG TGC CmUmCm CmUrnC ACT GGC

GCG TGC CmUoCm CoUmC ACT GGC

GmCmG TGC CTC CTC ACUm GmGmC

GmCoG TGC CTC CTC ACoUm GoGmC

GmCoGm L'oGC CTC CTC ACoUm GoGmC

Tm("C)

63.5

56.2

67.2

64.2

70.3

72.4

A Tm (°C)'

-7.3

+ 3.7

+ 0.7

+ 6.8

+ 8.9

U: Compared to oligo / ;
Normal letters represent 2'-deo\\nucleosides: Bold letters represent 2'-O-tncih\lrilxmucleosides;.
Lower case letters o and m represent phosphodiester and inethylpho.sphonate linkages respectively.
rest of the intermtcleoiide linkages are phosphoroihioote.

The Tm of oligo 1 (PS-oligo) with complementary RNA is 63.5°C, substitution of five

deoxynucleoside phosphorothioates in the middle of oligo 1 with five 2'-<2-methylribo-

nucleosides methylphosphonate (oligo 2) resulted in lowering of thermodynamic stability,

almost by 1.5°C per substitution. Substitution of six deoxynucleoside phosphorothioates
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(four at 3'-end and two at 5'-end) with six 2'-O-methylribonucleoside methylphosphonate
(oligo 4) shows no compromise in Tm compared to oligo 1. In our earlier studies, we have
made similar observations that incorporation of non-ionic linkages in the center of the .',
oligonucleotide affects the thermodynamic stability more than if non-ionic intemucleotide
linkages are incorporated at the 3 ' - and 5'-ends'7'. Our objective in this study was to reduce
the number of phosphorothioate linkages in the oligonucleotide while maintaining its
thermodynamic stability. We achieved this goal with oligo 4. To further improve the
thermodynamic stability, we introduced alternative methylphosphonate and phosphodiester • •
linkages in the 2'-O-methylribonucIeoside segment. Oligo 3 and oligo 5 provided us an

increase in the Tm of 3.7 "C and 6.8°C respectively, compared with oligo 1. The increase
in Tm was dependent on the number of 2'-O-methylribonucIeosides, as demonstrated by
oligo 6 which has nine 2'-O-methyIribonucleosides, compared to seven in oligo 5, and

showed Tm of 8.9°C higher than oligo I. Oligo 5 and Oligo 6 were found to have stabili-

ties towards snake venom phosphodiesterase similar to that of oligo 4 (data not shown).
In summary, the MBOs synthesized here, which contain segments of oligodeoxynucleo-

side phosphorothioates and 2'-0-methyloligoribonucleoside melhylphosphonate or
alternated methylphosphonate and phosphodiester linkages provide us a means by which
number of phosphorothioate intemucleotide linkages can be reduced. These MBOs have
higher thermodynamic stability and increased resistance towards nucleases. Further studies
are ongoing to explore the use these MBOs as antisense agents.
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